Eating breakfast is one of the seven health habits, commonly referred to as the "Alameda 7." The other six health habits include having never smoked, drinking less than five drinks at one sitting, sleeping 7-8 hours a night, exercising, maintaining desirable weight for height, and avoiding snacks (Belloc and Breslow 1972) . In a Japanese study of preferable lifestyle choices for psychological health promotion, skipping breakfast was frequently associated with both perceived stress and depressive symptoms (Ohira et al. 2007) . A British study of young adults showed that skipping breakfast was associated with reports of poorer health (Smith 2003) , and an Australian study showed that breakfast eaters were more likely than breakfast skippers to rate their health as excellent (William 2005) . Skipping breakfast was considered a representative unhealthy behavior in those previous studies.
Currently, however, skipping breakfast is common among young adults in Japan as well as in Western countries (Keski-Rahkonen et al. 2003) . According to the National Health and Nutrition Survey in Japan (2003) , the rate of skipping breakfast was 29.5% for men in their twenties and 23.0% for men in their thirties; these rates are 2-3 times higher than those 30 years ago (Ministry of Health, Labour, and Welfare 2005) . A previous Japanese national survey study (Sakata et al. 2001) examined the relationship between skipping breakfast and cardiovascular disease risk factors and concluded that skipping breakfast was related to cardiovascular risk factors such as lack of exercise, smoking, high blood pressure, and high serum total cholesterol. In addition, there was an association between intake of breakfast cereals and Type 2 diabetes (Kochar et al. 2007 ). Skipping breakfast might be related to the development of diabetes as well as cardiovascular diseases (Schmidt et al. 1994; Sugimori et al. 1998; Farshchi et al. 2005) .
According to Keski-Rahkonen et al. (2003) , smoking, infrequent exercise, low level of education, frequent alcohol use, male sex and high BMI were associated with skipping breakfast in adults. In particular, many previous studies have described smoking as related to skipping breakfast more frequently than other unhealthy behaviors (Revicki et al. 1991; Hashizume et al. 1998; Sakata et al. 2001; KeskiRahkonen et al. 2003) . The harmful effect of tobacco use has already been demonstrated by many studies and smoking is clearly considered an unhealthy behavior (Clennell et al. 2008) .
However, there is little information about the combined effect of skipping breakfast and smoking. We hypothesize that the smoking is the most common unhealthy behavior and the combination of skipping breakfast and smoking has a greater negative influence on health status.
Since there is little information about the combined impact of breakfast skipping and smoking on the health status of Japanese adults, we examined whether breakfast skipping and smoking are associated with self-reported health status in a population-based sample of adults in Japan.
Methods

Participants
Our cross-sectional study was conducted in a local area in Japan. The Nutrition and Health survey was conducted by staff of the Health and Welfare Section in Kaminokawa (population: 31, 442, 16, 047 men, 15, 395 women) . The whole town is designated for city planning area with a wide rural area. The present study was conducted in accordance with a data-use agreement with the Committee of Kaminokawa Health Plan 21.
For each age group, 100 men and 100 women (in their twenties, thirties, forties, fifties, sixties, and seventies or over, respectively) were randomly selected and sent questionnaires on nutrition and health. A total of 602 people returned the anonymous questionnaires (response rate, 50.2%). There was no information about people who did not return the questionnaires. Among 602 subjects, 85 people did not indicate either gender, age, height or weight and their responses were excluded from analysis. Among the remaining 517 subjects, 24 people did not indicate either breakfast eating frequency, smoking status or both. The present study examined evaluable data from 493 (230 men and 263 women) whose age, gender, breakfast-eating frequency, and smoking status were included. Smoking rate in men (mean age, 53.7 years) and women (mean age, 50.4 years) was 41.3%, and 9.5%, respectively. The characteristic of the 493 subjects and 24 excluding subjects were shown in Table 1 .
The Nutrition and Health Survey
The Nutrition and Health questionnaire elicited gender, age, height, weight, sense of well-being, number of remaining teeth, and lifestyle habits including eating, snacking, smoking, alcohol drinking, quality of sleeping, and physical exercise habits, and frequency of perceived mental stress. All these questionnaire items are included in the National Health and Nutrition Survey in Japan.
In addition, body mass index (BMI) was calculated for each participant based on the self-reported height (m) and weight (kg). Sense of well-being and quality of sleeping were rated as fairly good, good, poor or very poor. Based on the number of remaining teeth, subjects were placed into one of 6 groups: all, 24-27, 20-23, 10-19, 1-9, and none. As for eating breakfast, subjects answered: every day, from three to four times a week, once or twice a week, or almost never. Responses for the frequency of physical exercise were every day, sometimes, not often, or not at all. Smoking status was indicated as non-smoker, current smoker, or previous smoker. The frequency of alcohol drinking was indicated as every day, 5 times or 6 times a week, 3 times or 4 times a week, once or twice a week, from one to 3 times a month, ex-drinker, or non-drinker. The frequency of perceived mental stress was characterized as usually, often, seldom, or never. As for eating away from home or daily snacking, subjects responded either: 14 times a week or more, seven times a week or more, from two to six times a week, or once a week or less. The diagnosis of diabetes mellitus was derived from the question "Have you ever been diagnosed as having diabetes mellitus or borderline diabetes?"
Statistical analysis
SPSS version 16.0 for MAC (SPSS Japan Inc, Tokyo) was used for data management and statistical analyses. There were no missing data for gender, age, sense of well-being, BMI, smoking status, and diagnosis of diabetes mellitus, but data on daily drinking, remaining numbers of teeth, daily snacking, sleeping quality, daily physical exercise, meals away from home, and perceived stress were missing for 1, 4, 4, 2, 3, 4, and 6 subjects, respectively.
All variables were considered categorical and analyzed by chisquare test. Categorical variables with two values, i.e., dichotomous variables, were tested using chi-square test. Subjects were clustered in two groups based on age (under 50 years and 50 years and older), and divided into two groups based on breakfast eating frequency (daily eaters and skippers). Breakfast skippers were defined as adults who skipped breakfast more than three times a week. Subjects were divided into two groups based on BMI at a cut off value of 25 (kg/m 2 ) and based on a sense of well-being or quality of sleeping (feeling good or poor). Subjects were divided into two groups based on smoking (current smokers or non-smokers, with previous smokers being included among non-smokers); physical exercise (exercise either every day or sometimes versus none); daily alcohol drinking (more than three times a week versus less than three times per week); meals away from home (often [two or more times a week] versus infrequent); daily snacking (once or more a day versus none); number of remaining teeth (24 or The significance of all differences was determined using chisquare test or Student's t test, and binary logistic regression. Variables showing significant differences on the chi square test were further analyzed by binary logistic regression and multivariate odds ratios were calculated among 481 subjects.
Next, subjects were divided into four groups: not skipping breakfast and not smoking, smoking but not skipping breakfast, skipping breakfast but not smoking, and skipping breakfast and smoking. Differences between groups were determined by using analysis of variance (ANOVA) or chi square test. Age and gender adjusted odds ratios were calculated by binary logistic regression.
All probability values were two-tailed, and the significance level was set at p < 0.05.
Results
For men, the prevalence of breakfast skippers was 48.0% among 20-year-olds, 40.6% among 30-year-olds, 14.3% among 40-year-olds, 9.3% among 50-year-olds, 4.7% among 60-year-olds, and 0% among those seventy or over. For women, the prevalence of skippers was 28.6% among 20-year olds, 19.4% among 30-year-olds, 0% among 40-year-olds, 12.3% among 50-year-olds, 7.9% among 60-year-olds, and 0% among those seventy or over. Table 2 shows group characteristics of the 449 who ate breakfast daily and 44 breakfast skippers. There was a significant difference between those 50 years or over and subjects under 50 ( p < 0.001) but no significant gender difference. Skippers more often indicated a lack of daily exercise ( p < 0.05) and poor sleeping quality ( p < 0.01). They were more often smokers ( p < 0.001), more often ate away from home ( p < 0.05), and had fewer remaining teeth ( p < 0.01). The breakfast skipping rate among smokers was 63.0% and significantly higher than that among non-smokers (21.4%) and ex-smokers (15.6%) (not shown in Table 2 ). Table 3 shows the multivariate odds ratios (OR) for breakfast skippers. The factors showing significant differences were selected from Table 2 , and those factors significantly affecting skippers were identified after adjustment for gender. The factor with the largest odds ratio for association with skipping breakfast was being a current smoker (3.10, 95%CI 1.50-6.39). Age under 50 years old was highly associated with skipping breakfast (3.04, 95%CI 1.31-7.06). Poor sleeping quality also showed a high association with breakfast skipping (2.06, 95%CI 1.00-4.25). Table 4 shows group characteristics of 493 participants in terms of skipping breakfast and smoking. As men are more likely to smoke, subjects who smoked but did not skip breakfast as well as subjects who skipped breakfast and smoked included a significantly high proportion of men than the other two groups. The mean ages of subjects who skipped breakfast but did not smoke or who skipped breakfast and smoked were significantly lower than these of the other groups. However, there was no significant difference in the mean body mass index. Table 5 shows age-, gender-, and BMI adjusted odds ratios and 95% confidence intervals for sense of wellbeing, quality of sleeping, diagnosed diabetes mellitus or borderline diabetes, and perceived stress among each group using The differences between groups were determined by ANOVA or chi-square test.
binary logistic regression analysis. Subjects who skipped breakfast and smoked showed a significantly higher odds ratio for being diagnosed as having diabetes or borderline diabetes (4.68, 95% CI: 1.46-15.05). Subjects who skipped breakfast but did not smoke showed a significantly higher odds ratio for perceived stress (2.83, 95% CI: 1.05-7.61).
Discussion
Based on the results of this study, breakfast skippers were more likely to be young smokers with poor quality of sleeping. Furthermore, the highest odds ratio for skipping breakfast was found among current smokers. Moreover, the combination of skipping breakfast and smoking showed an association with a diagnosis of diabetes mellitus. To our knowledge, this is the first study showing that the combination of skipping breakfast and smoking is associated with the prevalence of diabetes.
A number of previous studies have suggested an association between skipping breakfast and smoking in adults (Revicki et al. 1991; Hashizume et al. 1998; Sakata et al. 2001; Keski-Rahkonen et al. 2003) . Revicki et al. (1991) reported that smokers were more likely to skip breakfast than nonsmokers. Japanese national nutrition survey data suggested that breakfast skippers tended to smoke more than non-skippers (Sakata et al. 2001) . In the present study, previous smokers were included among non-smokers. That was because the previous smokers showed a low rate of skipping breakfast, and there were no association between skipping breakfast and previous smoking. Cessation of smoking appears to have influenced these subjects to change to a healthier life style.
A Japanese prospective study showed that current smoking was associated with a 20-40 percent increased risk of diabetes (Sairenchi et al. 2004 ). According to a previous study, breakfast skipping was related with poorer metabolic control among diabetic patients (Schmidt et al.1994) . For females, not eating breakfast seemed to play an important role in the development of diabetes mellitus based on longitudinal analysis (Sugimori et al. 1998) . A study on eating pattern and obesity in American adults found that skipping breakfast was associated with increased prevalence of obesity, and larger number of eating episodes each day was associated with a lower risk of obesity (Ma et al. 2003) . Overall of these findings suggest that skipping breakfast is not an effective way to manage weight or achieve metabolic control (Cho et al. 2003) . Omitting breakfast might impair fasting lipids and postprandial insulin sensitivity and could lead to weight gain (Farshchi et al. 2005) . Therefore, the combination of skipping breakfast and smoking may accelerate the development of diabetes, while regular eating breakfast and not smoking might have a positive impact on to diabetic patients.
The highest odds ratios in the group that skipped breakfast but did not smoke were found for perceived stress, which suggests that skipping breakfast is a more important factor in relation to mental health (Ohira et al. 2007 ). According to a previous study, people with major depression skipped breakfast more often than those without major depression (Nakao and Yano 2004) . The strong association between skipping breakfast and quality of sleeping might be caused by the same factor.
The present study has several limitations. First, inas- much as the study's design was cross-sectional and examined one point in time, the factors identified are neither causes nor effects. The associations observed in this study do not indicate causality, nor provide details of the underlying mechanisms. As the current study only aimed to identify the most common unhealthy behavior of breakfast skippers, a further cohort study will be needed to clarify causality. Second, the sample size was small, especially the sample of adults under age 50 years, which was identified as the group most likely to skip breakfast. The percentage return of this survey was low, only 50.2%, providing a greater opportunity for bias to enter the sample and distort findings. Third, the questionnaires used in our study relied on self-reporting by subjects. Some reporting errors may be attributed to misunderstanding of the questions. Fourth, this study only examined the combined impact of skipping breakfast and smoking. If we had also examined the impact of other unhealthy behaviors, there would be further implications on the clinical significance of the observed associations. Finally, a potential source of bias may stem from the greater likelihood that surveys were returned by people who are more interested in their own health than people who are not. For all of these reasons, our findings may not be generalized to the larger Japanese population. Thus, a further large longitudinal study will be needed to further explore the combined impact of breakfast skipping and smoking on health.
